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(57) ABSTRACT

A system for controlling exhaust heat recovery and an
exhaust gas recirculation system (EGR), the system includes
an exhaust gas post processing device mounted on an outlet
of an engine exhaust manifold, an exhaust gas purilying
device, an exhaust heat recovery chamber having an exhaust
gas pick-up space and further having a structure 1n which a
cooling water flow passage 1s formed on the outside, and
further being mounted on the outlet of the exhaust gas post
processing device, a bypass valve mounted on an outlet of
the exhaust heat recovery, and an EGR valve mounted on the
exhaust heat recovery chamber to be opened and closed to
circulate the exhaust gas 1n the exhaust gas pick-up space to
an EGR cooler and an engine intake manifold.

13 Claims, 3 Drawing Sheets
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SYSTEM FOR CONTROLLING EXHAUST
HEAT RECOVERY AND EXHAUST GAS
RECIRCULATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the
benefit of priority to Korean Patent Application No.
10-2015-0134275, filed on Sep. 23, 20135 with the Korean

Intellectual Property Oflice, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a system for controlling
exhaust heat recovery for a vehicle and an exhaust gas
recirculation system (EGR). More particularly, it relates to a
system for controlling exhaust heat recovery for a vehicle
and an EGR which can improve fuel efliciency and achieve
a heating eflect in the wintertime as well as increasing
cooling efliciency of an EGR cooler.

BACKGROUND

Various technologies that reduce exhaust gases such as
nitrogen oxide, and the like, have been developed according,
to exhaust gas discharge regulations for vehicles, and one
technology among the technologies can be an exhaust gas
recirculation system (EGR) which can recirculate some of
the exhaust gases to an intake side of an engine to reduce a
discharge of NOx, and the like, which are included in the
exhaust gas.

The EGR delivers some of exhaust gases that flow
through an exhaust line to an intake mamifold through an
EGR valve to supply some exhaust gas to a combustion
chamber together with mixed gas, and as a result, the EGR
serves to reduce the generation of emissions such as NOx by
preventing a combustion temperature from rising.

In this case, high-temperature exhaust gas delivered
through a route of the EGR 1s not directly supplied to the
combustion chamber and exchanges heat with cooling water
in an EGR cooler to be supplied after the temperature thereof
decreases. The reason for the cooling 1s that when the
temperature of the exhaust gas supplied through the EGR
route 1s high, a combustion characteristic deteriorates and
tuel efliciency 1s adversely aflected.

As another technology for reducing the exhaust gas
according to exhaust gas discharge regulations for vehicles,
a three-element catalyst device for purifying the exhaust gas
1s mounted on an exhaust pipe connected to an exhaust
manifold.

As the three-element catalyst device, there 1s a trend that
an exhaust gas post processing device (warming-up catalytic
converter (WCC) 1s mounted close to the exhaust manifold
ol an engine so that warming-up 1s more rapidly performed
and an exhaust gas puritying device (under-body catalytic
converter (UCC)) mounted on a rear end of the exhaust gas
post processing device are together used by considering that
an exhaust gas regulation value gradually opens.

Meanwhile, the high-temperature exhaust gas that flows
at front and rear ends of the exhaust gas purifying device 1s
picked up to be supplied to the combustion chamber through
the EGR cooler 1n the EGR, and as a result, the use of gas
on the front end of the exhaust gas post processing device 1s
excluded. Therefore, efliciency deteriorates in terms of using
the exhaust gas.
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When the exhaust gas 1s extracted on the front and rear
ends of the exhaust gas purnitying device and the front and

rear ends of the exhaust gas post processing device to
increase EGR use etliciency, a full potential of the exhaust
gas can be used 1n various steps including a step just after
starting, a warming-up step, a step aiter warming-up, and the
like. As a result, various benefits including enhancement of
merchantability, enhancement of the fuel efliciency and
reduction of a generation amount of NOx can be maximized.

The above information disclosed in this Background
section 1s only for enhancement of understanding of the
background of the disclosure and therefore 1t may contain
information that does not form the prior art that 1s already
known 1n this country to a person of ordinary skill 1n the art.

SUMMARY OF THE DISCLOSURE

The present disclosure has been made 1n an effort to solve
the above-described problems associated with prior art. The
present disclosure 1s made by considering that when warm-
ing-up ends, in which the temperature of an exhaust gas post
processing device or an exhaust gas purifying device rises
up to a temperature to purily exhaust gas, the temperature of
exhaust gas passing through the exhaust gas post processing
device or the exhaust gas purniiying device gradually
becomes a high temperature and the present disclosure has
also been made 1n an eflort to provide a system for control-
ling exhaust heat recovery and an EGR, which picks up
exhaust gas on a rear end of an exhaust gas puritying device
before warming-up and recirculates the picked up exhaust
gas to an EGR cooler at an 1n1tial stage after an engine starts
and picks up exhaust gas that flows between a front end of
an exhaust gas post processing device or a rear end of the
exhaust gas post processing device and a front end of the
exhaust gas puritying device and recirculates the picked up
exhaust gas to the EGR cooler from the time when the
warming-up of the exhaust gas purilying device ends to
increase cooling efliciency of the EGR cooler.

The present disclosure has also been made 1n an effort to
improve fuel efliciency and a heating effect 1n the wintertime
as well as increasing cooling etfliciency of an EGR cooler by
picking up and using exhaust gas on a front end of an
exhaust gas post processing device according to a fuel
elliciency mode and a heating mode from an 1nitial stage
alter an engine starts by dividing a mode for controlling
exhaust heat recovery and an EGR 1nto the fuel efhiciency
mode and the heating mode and puritying the exhaust
sequentially through the exhaust gas post processing device
and an exhaust gas purifying device while stopping an EGR
in a rapid acceleration mode.

In one aspect, the present disclosure provides a system for
controlling exhaust heat recovery and an EGR, including: an
exhaust gas post processing device mounted on an outlet of
an engine exhaust manifold; an exhaust gas purifying device
mounted on an exhaust line that extends from an outlet of the
exhaust gas post processing device; an exhaust heat recovery
chamber having an exhaust gas pick-up space capable of
picking up and confining at least one of exhaust gas that
flows on a rear end of the exhaust gas purifying device,
exhaust gas that flows on a front end of the exhaust gas post
processing device, and exhaust gas that flows on a rear end
of the exhaust gas post processing device therein, having a
structure 1n which a cooling water flow passage for exchang-
ing heat with the exhaust gas 1s formed on the outside, and
mounted on the outlet of the exhaust gas post processing
device; a bypass valve mounted on an outlet of the exhaust
heat recovery chamber to be opened/closed to temporarily
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confine the exhaust gas or bypass to the exhaust gas puri-
tying device; and an EGR valve mounted 1n the exhaust heat
recovery chamber to be opened/closed to circulate the
exhaust gas 1n the exhaust gas pick-up space to an EGR
cooler and an engine intake manifold.

In a preferred embodiment, a heat exchanger for exchang-
ing heat between the cooling water 1n the cooling water tlow
passage and the exhaust gas 1n the exhaust gas pick-up space
may be further mounted on an mner wall surface of the
exhaust heat recovery chamber.

In another preferred embodiment, a first exhaust gas
recovery line having a first opening/closing valve may be
connected between the rear end of the exhaust gas puritying
device and the exhaust gas pick-up space of the exhaust heat
recovery chamber.

In still another preferred embodiment, a second exhaust
gas recovery line having a second opening/closing valve
may be connected between the front end of the exhaust gas
post processing device and the exhaust gas pick-up space of
the exhaust heat recovery chamber.

In yet another preferred embodiment, during a predeter-
mined period until the exhaust gas purifying device and the
exhaust gas post processing device are warmed up after an
engine starts, the exhaust gas on the rear end of the exhaust
gas purilying device may be supplied into the exhaust gas
pick-up space of the exhaust heat recovery chamber.

In still yet another preferred embodiment, when the
engine starts and thereafter, the exhaust gas purifying device
1s warmed up, the exhaust gas that flows between the rear
end of the exhaust gas post processing device and a front end
of the exhaust gas purilying device may remain in the
exhaust gas pick-up space of the exhaust heat recovery
chamber.

In a further preferred embodiment, when the engine starts
and thereafter, both the exhaust gas purifying device and the
exhaust gas post processing device are warmed up, the
exhaust gas on the front end of the exhaust gas post
processing device may be supplied into the exhaust gas
pick-up space of the exhaust heat recovery chamber.

In another aspect, the present disclosure provides a sys-
tem for controlling exhaust heat recovery and an EGR,
including: an exhaust gas post processing device mounted
on an outlet of an engine exhaust manifold; an exhaust gas
purifying device mounted on an exhaust line that extends
from an outlet of the exhaust gas post processing device; an
exhaust heat recovery chamber having therein an exhaust
gas pick-up space capable of picking up and confining
exhaust gas that flows on the front end of the exhaust gas
post processing device, having a structure in which a cooling,
water flow passage for exchanging heat with the exhaust gas
1s formed on the outside, and mounted between a joint of the
exhaust manifold and an inlet of the exhaust gas post
processing device; a bypass valve mounted on an outlet of
the exhaust heat recovery chamber to be opened/closed to
temporarily confine the exhaust gas or bypass to the exhaust
gas post processing device; and an EGR valve mounted on
the exhaust heat recovery chamber to be opened/closed to
circulate the exhaust gas 1n the exhaust gas pick-up space to
an EGR cooler and an engine intake manifold.

In a preferred embodiment, a heat exchanger for exchang-
ing heat between cooling water 1n the cooling water tlow
passage and the exhaust gas 1n the exhaust gas pick-up space
may be further mounted on an mner wall surface of the
exhaust heat recovery chamber.

In another preferred embodiment, an 1nlet and an outlet of
the cooling water tlow passage may be connected with a
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cylinder block or a heater core so as to circulate cooling
water by a switching operation of a 3-way valve.

In still another preferred embodiment, an exhaust gas
teed-back passage may be connected between the exhaust
gas pick-up space and the joint of the engine exhaust
manifold and a pump pumping the exhaust gas 1n the exhaust
gas pick-up space to the joint of the engine exhaust mamiold
may be mounted on the exhaust gas feed-back passage.

In yet another preferred embodiment, after the engine
starts and thereafter, the exhaust gas post processing device
1s warmed up, when a fuel efliciency mode 1s selected, some
exhaust gas discharged from the joint of the engine exhaust
manifold and confined in the exhaust gas pick-up space may
be circulated to the EGR cooler and the engine intake
mamfold and residual exhaust gas may be fed back and
supplied to the joint of the engine exhaust manifold.

In still yet another preferred embodiment, after the engine
starts and thereafter, the exhaust gas post processing device
1s warmed up, when a heating mode 1s selected, the exhaust
gas discharged from the joint of the engine exhaust manifold
and confined in the exhaust gas pick-up space may remain
in the exhaust gas pick-up space so as to exchange heat with
a cooling water circulated to a heater core.

In a further preferred embodiment, some of the exhaust
gas which exchanges heat with the cooling water may be
circulated to the EGR cooler and the engine intake mamifold
and residual exhaust gas may be fed back and supplied to the
joint of the engine exhaust manifold.

In another further preferred embodiment, after the engine
starts and thereatter, the exhaust gas post processing device
1s warmed up, when 1t 1s determined that a vehicle 1s 1n a
rapid acceleration mode, the exhaust gas discharged from
the joint of the engine exhaust manifold may bypass to the
exhaust gas post processing device through the exhaust gas
pick-up space.

Through the aforementioned problem solving means, the
present disclosure provides the following eflects.

First, exhaust gas on a rear end of an exhaust gas purifying,
device before warming-up 1s supplied to an exhaust gas
pick-up space of an exhaust heat recovery chamber 1n an
initial stage after an engine starts and exhaust gas that flows
between a front end of an exhaust gas post processing device
or a rear end of the exhaust gas post processing device and
a front end of the exhaust gas purilying device 1s supplied to
the exhaust gas pick-up space of the exhaust heat recovery
chamber from the time when the warming-up of the exhaust
gas puriltying device ends, and as a result, the exhaust gas
can be recirculated to an EGR cooler while the temperature
1s lowered through exchanging heat with cooling water,
thereby increasing cooling efliciency of the EGR cooler.

Second, the exhaust gas on the front end of the exhaust
gas post processing device 1s picked up according to a fuel
elliciency mode and a heating mode and supplied to the
exhaust gas pick-up space of the exhaust heat recovery
chamber, and as a result, the exhaust gas can be recirculated
to the EGR cooler while the temperature of the exhaust gas
1s lowered through exchanging heat with the cooling water
to increase the cooling efliciency of the EGR cooler and
improve fuel efliciency and high- -temperature cooling water
which exchanges heat with the exhaust gas 1s circulated to
a heater core to improve heating etliciency.

Third, the exhaust gas exchanges heat with the cooling
water 1n the exhaust gas pick-up space of the exhaust heat
recovery chamber and thereafter, 1s fed back and supplied to
a joint of an exhaust manifold, and as a result, an average use
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temperature of the exhaust manifold 1s lowered, thereby
improving a life-span and durability of the exhaust mani-
fold.

Other aspects and preferred embodiments of the disclo-
sure are discussed inira.

It 1s understood that the term “vehicle” or “vehicular” or
other similar term as used heremn i1s inclusive of motor
vehicles 1n general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a varniety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
clectric vehicles, plug-in hybrd electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
tuels derived from resources other than petroleum). As
referred to herein, a hybnid vehicle 1s a vehicle that has two
or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

The above and other features of the disclosure are dis-
cussed 1nira.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present disclosure will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated 1n the accompanying,
drawings which are given hereinbelow by way of 1llustration
only, and thus are not limitative of the present disclosure,
and wherein:

FIG. 1 1s a configuration diagram illustrating a system for
controlling exhaust heat recovery and an EGR according to
an embodiment of the present disclosure;

FI1G. 2 1s a configuration diagram illustrating a system for
controlling exhaust heat recovery and an EGR according to
another embodiment of the present disclosure; and

FIG. 3 1s a flowchart illustrating an operational flow of a
system for controlling exhaust heat recovery and an EGR
according to another embodiment of the present disclosure.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various preferred features 1llustrative of the
basic principles of the disclosure. The specific design fea-
tures of the present disclosure as disclosed herein, including,
for example, specific dimensions, orientations, locations,
and shapes will be determined 1n part by the particular
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present disclosure throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference will now be made 1n detail to
various embodiments of the present disclosure, examples of
which are illustrated 1n the accompanying drawings and
described below. While the disclosure will be described 1n
conjunction with exemplary embodiments, 1t will be under-
stood that present description 1s not intended to limit the
disclosure to those exemplary embodiments. On the con-
trary, the disclosure i1s intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the disclosure
as defined by the appended claims.

Hereinafter, a preferred embodiment of the present dis-
closure will be described 1n detaill with reference to the
accompanying drawings.
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First Embodiment

FIG. 1 1s a configuration diagram illustrating a system for
controlling exhaust heat recovery and an EGR according to
an embodiment of the present disclosure.

As a three-element catalyst device considering that an
exhaust gas regulation value gradually increases, an exhaust
gas post processing device 12, mounted close to an exhaust
mamifold 11 of an engine 10 so that warming-up 1s more
rapidly performed, and an exhaust gas purilying device 13,
mounted on an exhaust line that extends from a rear end of
the exhaust gas post processing device, are used together.

For reference, the warming-up means the temperature of
the exhaust gas post processing device or the exhaust gas
purifying device rising up to a temperature to purify the
exhaust gas as the exhaust gas post processing device or the
exhaust gas purifying device receives high-temperature
exhaust gas.

According to the first embodiment of the present disclo-
sure, an exhaust heat recovery chamber 20 1s mounted at an
outlet side of the exhaust gas post processing device 12, that
1s, on a front location of the exhaust gas puritying device 13
so that the exhaust gas exchanges heat with cooling water
while the exhaust gas 1s picked up and confined.

The exhaust heat recovery chamber 20 1s provided 1n a
structure 1n which the exhaust heat recovery chamber 20 1s
partitioned 1nto two spaces of an mner exhaust gas pick-up
space 21 and an outer cooling water tlow passage 22, and 1s
mounted on the outlet of the exhaust gas post processing
device 12, that 1s, on the front location of the exhaust gas
purifying device 13.

In more detail, the exhaust heat recovery chamber 20
includes the exhaust gas pick-up space 21 having therein a
predetermined volume, which may pick up and confine at
least one of exhaust gas that flows on the rear end of the
exhaust gas purifying device, exhaust gas that flows on the
front end of the exhaust gas post processing device, and
exhaust gas that flows on the rear end of the exhaust gas post
processing device. The exhaust gas pick-up space 21 may
also have a structure, in which the cooling water flow
passage 22 for exchanging the heat with the exhaust gas,
formed on the inside of the outer wall and a front end of the
exhaust heat recovery chamber 20 and connected to be 1n
communication with the outlet of the exhaust gas post
processing device 12, and a rear end of the exhaust heat
recovery chamber 20 1s connected to be 1n commumnication
with the exhaust line toward the exhaust gas purifying
device 13.

Preferably, a heat exchanger (for example, a heat coil or
pipe type) 23 for exchanging heat between the cooling water
that flows 1n the cooling water tlow passage 22 and the
exhaust gas in the exhaust gas pick-up space 21 1s mounted
on an iner wall surface of the exhaust heat recovery
chamber 20.

In this case, a first exhaust gas recovery line 15 having a
first opening/closing valve 14 1s connected between the rear
end of the exhaust gas purifying device 13 and the exhaust
gas pick-up space 21 of the exhaust heat recovery chamber
20, so as to recirculate and supply the exhaust gas on the rear
end of the exhaust gas purilying device to the exhaust gas
pick-up space 21.

A second exhaust gas recovery line 17 having a second
opening/closing valve 16 1s connected between the front end
of the exhaust gas post processing device 12 and the exhaust
gas pick-up space 21 of the exhaust heat recovery chamber
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20, so as to recirculate exhaust gas discharged from a joint
of an exhaust manifold 11 to the exhaust gas pick-up space
21.

Meanwhile, a bypass valve 24 opened/closed by an elec-
tric signal 1s mounted on the outlet of the exhaust heat
recovery chamber 20, that 1s, a portion which 1s connected
to be 1 communication with the exhaust line toward the
exhaust gas purniiying device 13.

In the case where at least one of the exhaust gas that flows
on the rear end of the exhaust gas puritying device, the
exhaust gas that flows on the front end of the exhaust gas
post processing device, and the exhaust gas that flows on the
rear end of the exhaust gas post processing device 1s
supplied to the exhaust gas pick-up space 21 when the
bypass valve 24 1s closed, the exhaust gas 1s temporarily
confined 1n the exhaust gas pick-up space 21 and the exhaust
gas bypasses to the exhaust gas puriiying device 13 when the
bypass valve 24 1s opened

An EGR valve 25 1s embedded in the exhaust heat
recovery chamber 20 to be opened and closed by the electric
signal 1n order to circulate the exhaust gas in the exhaust gas
pick-up space 21 to an EGR cooler 18 and an engine intake
manifold 19.

Therefore, when the EGR valve 25 1s opened, the exhaust
gas 1n the exhaust gas pick-up space 21 1s recirculated to the
EGR cooler 18 and the engine intake manifold 19.

Herein, an operational flow of the system for controlling
exhaust heat recovery and an EGR according to the first
embodiment of the present disclosure will be described
below.

First, during a predetermined period (approximately 350
seconds) until the warming-up of the exhaust gas puriiying
device 13 and the exhaust gas post processing device 12 i1s
performed after the engine starts, the exhaust gas on the rear
end of the exhaust gas purifying device 13 1s supplied into
the exhaust gas pick-up space 21 of the exhaust heat
recovery chamber 20.

That 1s, after the engine starts, the exhaust gas sequen-
tially passes through the exhaust gas post processing device
before warming-up, the exhaust gas pick-up space 21, the
bypass valve 24 1n the opened state, and the exhaust gas
purifying device 13 before the warming-up. As a result, the
exhaust gas on the rear end of the exhaust gas purifying
device 13 i1s recirculated and supplied to the exhaust gas
pick-up space 21 through a first exhaust gas recovery line 15
and 1n this case, a first opening/closing valve 14 of the first
exhaust gas recovery line 15 1s controlled to be 1n the opened
state.

In this case, since the exhaust gas purilying device 13 1s
betfore the warming-up, that 1s, before the temperature of the
exhaust gas purilying device 13 rises up to a temperature to
purily the exhaust gas, the exhaust gas recirculated and
supplied to the exhaust gas pick-up space 21 from the rear
end of the exhaust gas puritying device 13 has a lower
temperature than the exhaust gas passing through the
exhaust gas purlfymg device 13 after the warming-up. The
exhaust gas 1s supplied to the EGR cooler 18 through the
EGR valve 25, which 1s controlled to be opened to improve
cooling etliciency of the EGR cooler as compared with a
case 1n which the temperature of the exhaust gas 1s high, and
as a result the cooling efliciency of the EGR cooler dete-
riorates.

Next, when the warming-up of the exhaust gas puriiying
device 1s performed after the engine starts (a section after
approximately 350 seconds), since the exhaust gas that tlows
between the rear end of the exhaust gas post processing
device 12 and the front end of the exhaust gas puriiying
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device 13 has a lower temperature than the exhaust gas
passing through the exhaust gas purilying device 13, the
exhaust gas that flows between the rear end of the exhaust
gas post processing device 12 and the front end of the
exhaust gas purifying device 13 1s confined 1n the exhaust
gas pick-up space 21 of the exhaust heat recovery chamber
20 by controlling the bypass valve 24 to be closed.

In this case, the exhaust gas confined 1n the exhaust gas
pick-up space 21 exchanges heat with the cooling water that
flows 1n the cooling water tflow passage 22 through the heat
exchanger 23 to be at a lower temperature.

Subsequently, the heat-exchanged exhaust gas 1s Supplied

to the EGR cooler 18 through the EGR valve 23 which 1s
controlled to be opened to improve the coolmg elliciency of

the EGR cooler as compared with the case in which the
temperature of the exhaust gas 1s high, and as a result, the
cooling etliciency of the EGR cooler deteriorates in the
related art.

Next, when both the exhaust gas puritying device 13 and
the exhaust gas post processing device 12 are warmed up
aiter the engine starts, the exhaust gas on the front end of the
exhaust gas post processing device 12 1s supplied mto the
exhaust gas pick-up space 21 of the exhaust heat recovery
chamber 20.

That 1s, when both the exhaust gas purifying device 13
and the exhaust gas post processing device 12 are warmed
up, since the temperature of the exhaust gas on the front end
of the exhaust gas post processing device 12 1s lower than
the temperature of the exhaust gas on the rear end of the
exhaust gas post processing device 12 by approximately 20
to 30° C., the exhaust gas on the front end of the exhaust gas
post processing device 12 1s supplied into the exhaust gas
pick-up space 21 of the exhaust heat recovery chamber 20
through the second exhaust gas recovery line 17 and the
supplied exhaust gas 1s confined 1n the exhaust gas pick-up
space 21 by controlling the bypass valve 24 to be closed.

In this case, the temperature of the exhaust gas on the
front end of the exhaust gas post processing device 12,
which 1s confined 1n the exhaust gas pick-up space 21, 1s
lower than the temperature of the exhaust gas on the rear end
of the exhaust gas post processing device 12 by approxi-
mately 20 to 30° C. and the exhaust gas exchanges heat with
the cooling water that flows in the cooling water flow
passage 22 through the heat exchanger 23 to be at a lower
temperature. The exhaust gas 1s supplied to the EGR cooler
18 through the EGR valve 25 which 1s controlled to be
opened to improve the cooling efliciency of the EGR cooler
as compared with the case 1n which the temperature of the
exhaust gas 1s high, and as a result the cooling efliciency of
the EGR cooler deteriorates 1n the related art.

Meanwhile the cooling efliciency of the EGR cooler 1s
calculated by Equation 1 given below.

cooling efliciency=[(difference in temperature of
exhaust gas between front and rear ends of
EGR cooler)/temperature of exhaust gas on
front end of EGR cooler—temperature of cool-

ing water)] Equation 1)

Since the temperature of the exhaust gas supplied to the
EGR cooler 18 through the EGR wvalve 25, that 1s, the
temperature of the exhaust gas on the front end of the EGR
cooler written 1n a denominator of Equation 1 given above
decreases, the cooling efliciency of the EGR cooler may be
increased.

Second Embodiment

FIG. 2 1s a configuration diagram illustrating a system for
controlling exhaust heat recovery and an EGR according to
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another embodiment of the present disclosure. FIG. 3 1s a
flowchart 1llustrating an operational flow of the system.

According the second embodiment of the present disclo-
sure, the exhaust heat recovery chamber 20 1s mounted on an
inlet of the exhaust gas post processing device 12, that 1s, on
a rear location of the joint of the exhaust manifold 11 so that
the exhaust gas exchanges heat with the cooling water while
the exhaust gas 1s picked up and confined.

The exhaust heat recovery chamber 20 1s provided 1n a
structure in which the exhaust heat recovery chamber 20 1s
partitioned into two spaces including the inner exhaust gas
pick-up space 21 and the outer cooling water flow passage
22, and 1s mounted on the inlet of the exhaust post process-
ing device 12, that 1s, on the rear location of the joint of the
exhaust mamifold 11.

In more detail, the exhaust heat recovery chamber 20 has
the exhaust gas pick-up space 21 having therein a predeter-
mined volume, which may confine exhaust gas that flows
from the joint of the exhaust manifold 11 to the exhaust gas
post processing device 12. The exhaust gas pick-up space 21
may also have a structure in which the cooling water flow
passage 22 for exchanging the heat with the exhaust gas 1s
tormed on the 1nside of the outer wall and the front end of
the exhaust heat recovery chamber 20 1s connected to be in
communication with the joint of the exhaust manifold 11 and
the rear end of the exhaust heat recovery chamber 20 1s
connected to be 1 commumnication with the inlet of the
exhaust gas post processing device 12.

Preferably, the heat exchanger (for example, the heat coil
or pipe type) 23 for exchanging heat between the cooling
water that flows 1n the cooling water tlow passage 22 and the
exhaust gas 1n the exhaust gas pick-up space 21 1s mounted
on the mner wall surface of the exhaust heat recovery
chamber 20.

The bypass valve 24 opened and closed by the electric
signal 1s mounted on the outlet of the exhaust heat recovery
chamber 20, that 1s, a portion connected with the exhaust gas
post processing device 12.

In the case where the exhaust gas that flows from the joint
of the exhaust manifold 11 to the exhaust gas post processing
device 12 1s supplied 1nto the exhaust gas pick-up space 21
when the bypass valve 24 1s closed, the exhaust gas 1s
temporarily confined in the exhaust gas pick-up space 21
and the exhaust gas bypasses to the exhaust gas post
processing device 12 when the bypass valve 24 1s opened.

The EGR valve 25 1s embedded in the exhaust heat
recovery chamber 20 to be opened and closed by the electric
signal 1n order to circulate the exhaust gas in the exhaust gas
pick-up space 21 to the EGR cooler 18 and the engine intake
manifold 19.

Therefore, when the EGR wvalve 25 is controlled to be
opened, the exhaust gas in the exhaust gas pick-up space 21
1s recirculated to the EGR cooler 18 and the engine intake
manifold 19.

According to the second embodiment of the present
disclosure, an exhaust gas feed-back passage 26 1s connected
between the exhaust gas pick-up space 21 and the joint of the
engine exhaust manifold 11, and a pump 27 1s mounted on
the exhaust gas feed-back passage 26, which pumps the
exhaust gas 1n the exhaust gas pick-up space 21 to the joint
of the engine exhaust manifold 11.

The reason for using the pump 27 1s that the exhaust gas
in the exhaust gas pick-up space 21 1s easily fed back and
supplied to the joint of the engine exhaust manifold 11 since
back pressure of the joint of the exhaust manifold 11 1s
higher than the pressure of the exhaust gas pick-up space 21,
and that a reverse gas tlow 1s prevented since the exhaust gas
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in the exhaust gas pick-up space 21 may show a reverse gas
flow to the front end of the exhaust gas post processing
device 12 and the joint of the exhaust manifold 11.

Meanwhile, the inlet and the outlet of the cooling water
flow passage 22 of the exhaust heat recovery chamber 20 1s
connected with a cooling water tlow path of a cylinder block
to be circulated by controlling a switching operation of a
3-way valve 28 or connected with a cooling water tlow path
of a heater core for heating to be circulated.

Herein, an operational flow of the system for controlling
exhaust heat recovery and an EGR according to the second
embodiment of the present disclosure will be described
below.

First, after the engine starts, extraction of the exhaust gas
1s prevented for approximately 30 seconds for warming up
the exhaust gas post processing device 12.

After the engine starts and thereatter, the exhaust gas post
processing device 1s warmed up. When a driver selects a fuel
celliciency mode (S101), the inlet and the outlet of the
cooling water flow passage 22 of the exhaust heat recovery
chamber 20 are connected with the cooling water flow path
of the cylinder block so as to circulate the cooling water by
controlling the switching operation of the 3-way valve 28
(5102).

Subsequently, the exhaust gas discharged from the joint of
the engine exhaust manifold 11 1s confined in the exhaust gas
pick-up space 21 of the exhaust heat recovery chamber 20

and 1n this case, the bypass valve 24 is controlled to be
closed.

In this case, the exhaust gas confined in the exhaust gas
pick-up space 21 exchanges heat with the cooling water that
flows 1n the cooling water tflow passage 22 through the heat
exchanger 23 to be at the lower temperature.

Subsequently, some of the heat-exchanged exhaust gas 1s
supplied to the EGR cooler 18 through the EGR valve 25
which 1s controlled to be opened (8102) to improve the
cooling efliciency of the EGR cooler as compared with the
case 1n which the temperature of the exhaust gas 1s high, and
as a result, the cooling efliciency of the EGR cooler dete-
riorates in the related art.

Simultaneously, residual exhaust gas of the heat-ex-
changed exhaust gas 1s fed back and supplied to the joint of
the engine exhaust mamfold 11 through the exhaust gas
feed-back passage 26 by pumping force of the pump 27
(5103), and as a result, a life-span and durability of the
exhaust manifold are improved by lowering the temperature
of the exhaust manifold.

After the engine starts and thereatter, the exhaust gas post
processing device 1s warmed up. When the driver selects a
heating mode (S201), the inlet and the outlet of the cooling
water tflow passage 22 of the exhaust heat recovery chamber
20 are connected with the cooling water tlow path of the
heater core for heating so as to circulate the cooling water by
controlling the switching operation of the 3-way valve 28.

Subsequently, the exhaust gas discharged from the joint of
the engine exhaust manifold 11 1s confined 1n the exhaust gas
pick-up space 21 of the exhaust heat recovery chamber 20
and 1n this case, the bypass valve 24 1s controlled to be
closed.

In this case, the exhaust gas confined in the exhaust gas
pick-up space 21 first 1s not supplied to the EGR cooler 18
through the EGR valve 25 and also exchanges heat with the
cooling water that tlows in the cooling water flow passage 22
through the heat exchanger 23 while not being fed back and
supplied to the joint of the engine exhaust manifold 11
through the exhaust gas feed-back passage 26 to be at the
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lower temperature and the cooling water becomes in a
high-temperature state (S202).

The cooling water, which 1s in the high-temperature state
alter the heat exchange, 1s circulated to the cooling water
flow path of the heater core, and as a result, heating
clliciency of the heater core for heating, that is, heat-
exchange efliciency with indoor/outdoor air may be
increased and indoor heating may be rapidly achieved 1n the
wintertime.

In this case, it 1s determined whether there 1s an EGR
using area of the vehicle (S203) and when 1t 1s determined
that there 1s the EGR using area, some of the heat-exchanged
exhaust gas 1s supplied to the EGR cooler 18 through the
EGR valve 25 which 1s controlled to be opened (5204) to
improve the cooling efficiency of the EGR cooler as com-
pared with the case 1n which the temperature of the exhaust
gas 1s high. As a result, the cooling efliciency of the EGR
cooler deteriorates 1n the related art.

Simultaneously, residual exhaust gas of the heat-ex-
changed exhaust gas 1s fed back and supplied to the joint of
the engine exhaust manifold 11 through the exhaust gas
teed-back passage 26 by the pumping force of the pump 27
(S2035), and as a result, the life-span and the durability of the
exhaust manifold are improved by lowering the temperature
of the exhaust manifold.

After the engine starts and thereatter, the exhaust gas post
processing device 1s warmed up. When it 1s determined that
the vehicle 1s 1n a rapid acceleration mode (S301), the
exhaust gas discharged from the joint of the engine exhaust
manifold 11 enters a bypass mode to bypass to the exhaust
gas post processing device 12 through the exhaust gas
pick-up space 21 of the exhaust heat recovery chamber 20
(S302) and 1n this case, the bypass valve 24 1s controlled to
be opened.

Subsequently, 1t 1s monitored whether the vehicle is
continuously 1n the acceleration mode (S303) and when it 1s
determined that the vehicle 1s 1n a slow acceleration state
(S304), a process of controlling the exhaust heat recovery
and the EGR 1n the fuel efliciency mode or the heating mode
may be performed (S305).

On the contrary, 1t 1s monitored whether the vehicle 1s
continuously in the acceleration mode (5303) and when 1t 1s
determined that the vehicle 1s 1n a super acceleration mode
(S306), the exhaust gas discharged from the joint of the
engine exhaust manifold 11 bypasses to the exhaust gas post
processing device 12 through the exhaust gas pick-up space
21 of the exhaust heat recovery chamber 20. Further, the
exhaust gas 1s not extracted even on the rear end of the
exhaust gas purifying device 13 and exhausted to the outside
(S307).

The reason for using the bypass mode as described above
1s that exhaust pressure 1s maintained at a high level due to
the resistance of the exhaust gas that flows to the exhaust gas
pick-up space 21 of the exhaust heat recovery chamber 20
during acceleration or rapid acceleration and when the
exhaust gas does not bypass, rapid acceleration performance
may deteriorate. As a result, 1n an acceleration situation in
which full power of the engine 1s required, the bypass mode
in which the exhaust gas 1s discharged to outdoor air through
the exhaust gas post processing device and the exhaust gas
purifying device should be used.

The disclosure has been described 1n detail with reference
to preferred embodiments thereof. However, 1t will be
appreciated by those skilled 1in the art that changes may be
made 1n these embodiments without departing from the
principles and spirit of the disclosure, the scope of which 1s
defined 1n the appended claims and their equivalents.
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What 1s claimed 1s:

1. A system for controlling exhaust heat recovery and an
exhaust gas recirculation system (EGR), the system com-
prising;:

an exhaust gas post processing device mounted on an
outlet of an engine exhaust manifold;

an exhaust gas puritying device mounted on an exhaust
line that extends from an outlet of the exhaust gas post
processing device;

an exhaust heat recovery chamber having an exhaust gas
pick-up space configured to pick up and confine at least
one of exhaust gas that flows at a rear end of the exhaust
gas purilying device, exhaust gas that flows at a front
end of the exhaust gas post processing device, or
exhaust gas that flows at a rear end of the exhaust gas
post processing device, and further having a structure
in which a cooling water flow passage for exchanging
heat with the exhaust gas 1s disposed on the outside of
the exhaust gas pick-up space, wherein a front end of
the exhaust heat recovery chamber 1s connected to, and
fluidly communicates with, the outlet of the exhaust gas
post processing device, and a rear end of the exhaust
heat recovery chamber 1s connected to, and fluidly
communicates with, the exhaust line extending toward
an inlet of the exhaust gas purifying device;

a bypass valve mounted on an outlet of the exhaust heat
recovery chamber to be opened and closed to tempo-
rarily confine the exhaust gas or bypass to the exhaust
gas purilying device; and

an EGR valve mounted on the exhaust heat recovery
chamber to be opened and closed to circulate the
exhaust gas 1n the exhaust gas pick-up space to an EGR
cooler and an engine 1ntake manifold,

wherein a first exhaust gas recovery line having a first
opening and closing valve 1s connected between the
rear end of the exhaust gas purilying device and the
exhaust gas pick-up space of the exhaust heat recovery
chamber.

2. The system of claim 1, wherein a heat exchanger for
exchanging heat between cooling water 1n the cooling water
flow passage and the exhaust gas 1n the exhaust gas pick-up
space 1s further mounted on an inner wall surface of the
exhaust heat recovery chamber.

3. The system of claim 1, wherein a second exhaust gas
recovery line having a second opening and closing valve 1s
connected between the front end of the exhaust gas post
processing device and the exhaust gas pick-up space of the
exhaust heat recovery chamber.

4. The system of claim 1, wherein during a predetermined
period until the exhaust gas puritying device and the exhaust
gas post processing device are warmed up after an engine
starts, the exhaust gas at the rear end of the exhaust gas
purifying device 1s supplied into the exhaust gas pick-up
space of the exhaust heat recovery chamber.

5. The system of claim 1, wherein when the engine starts
and thereafter, the exhaust gas purifying device 1s warmed
up and the exhaust gas that flows between the rear end of the
exhaust gas post processing device and a front end of the
exhaust gas purifying device remains in the exhaust gas
pick-up space of the exhaust heat recovery chamber.

6. The system of claim 1, wherein when the engine starts
and thereafter, both the exhaust gas purifying device and the
exhaust gas post processing device are warmed up and the
exhaust gas at the front end of the exhaust gas post process-
ing device 1s supplied into the exhaust gas pick-up space of
the exhaust heat recovery chamber.




US 9,816,424 B2

13

7. A system for controlling exhaust heat recovery and an
exhaust gas recirculation system (EGR), the system com-
prising:

an exhaust gas post processing device mounted on an
outlet of an engine exhaust manifold;

an exhaust gas purilying device mounted on an exhaust
line that extends from an outlet of the exhaust gas post
processing device;

an exhaust heat recovery chamber having an exhaust gas
pick-up space configured to pick up and confine
exhaust gas that tlows at a front end of the exhaust gas
post processing device, and further having a structure
in which a cooling water flow passage for exchanging
heat with the exhaust gas 1s disposed on the outside of
the exhaust gas pick-up space, wherein a front end of
the exhaust heat recovery chamber 1s connected to, and
fluidly communicates with, a joint of the engine
exhaust manifold, and a rear end of the exhaust heat
recovery chamber 1s connected to, and fluidly commu-
nicates with, an 1nlet of the exhaust gas post processing
device;

a bypass valve mounted on an outlet of the exhaust heat
recovery chamber to be opened and closed to tempo-
rarily confine the exhaust gas or bypass to the exhaust
gas post processing device; and

an EGR valve mounted on the exhaust heat recovery
chamber to be opened and closed to circulate the
exhaust gas 1n the exhaust gas pick-up space to an EGR
cooler and an engine 1ntake manifold,

wherein an exhaust gas feed-back passage 1s connected
between the exhaust gas pick-up space and the joint of
the engine exhaust manifold, and a pump pumping the
exhaust gas 1n the exhaust gas pick-up space to the joint
of the engine exhaust mamiold 1s mounted on the
exhaust gas feed-back passage.

8. The system of claim 7, wherein a heat exchanger for

exchanging heat between cooling water 1n the cooling water
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flow passage and the exhaust gas 1n the exhaust gas pick-up
space 1s further mounted on an mner wall surface of the
exhaust heat recovery chamber.

9. The system of claim 7, wherein an inlet and an outlet
of the cooling water flow passage are connected with a
cylinder block or a heater core so as to circulate cooling
water by a switching operation of a 3-way valve.

10. The system of claim 7, wherein after the engine starts
and thereafter, the exhaust gas post processing device 1s
warmed up, and when a fuel efliciency mode i1s selected,
some exhaust gas discharged from the joint of the engine
exhaust manifold and confined in the exhaust gas pick-up
space 1s circulated to the EGR cooler, and the engine intake
manifold and residual exhaust gas 1s fed back and supplied
to the joint of the engine exhaust manifold.

11. The system of claim 7, wherein after the engine starts
and thereafter, the exhaust gas post processing device 1s
warmed up, and when a heating mode 1s selected, the
exhaust gas discharged from the joint of the engine exhaust
mamfold and confined i the exhaust gas pick-up space
remains 1n the exhaust gas pick-up space so as to exchange
heat with a cooling water circulated to a heater core.

12. The system of claim 11, wherein some of the exhaust
gas which exchanges heat with the cooling water 1s circu-
lated to the EGR cooler and the engine intake manifold and
residual exhaust gas 1s fed back and supplied to the joint of
the engine exhaust manifold.

13. The system of claim 7, wherein after the engine starts
and thereafter, the exhaust gas post processing device 1s
warmed up, and when 1t 1s determined that a vehicle 1s 1n a
rapid acceleration mode, the exhaust gas discharged from
the joint of the engine exhaust manifold bypasses to the

exhaust gas post processing device through the exhaust gas
pick-up space.
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